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DISCRETE THREE-DIMIENSIONAL 
MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application relates to a provisional application, 
“Three-Dimensional Memory with Separate Memory-Array 
and Peripheral-Circuit Substrates'. Application Ser. No. 
61/529,929, filed Sep. 1, 2011. 

BACKGROUND 

1.Technical Field of the Invention 
The present invention relates to the field of integrated cir 

cuit, and more particularly to three-dimensional memory 
(3D-M). 

2. Prior Arts 
Three-dimensional memory (3D-M) is a semiconductor 

memory comprising a plurality of vertically stacked memory 
levels. It includes three-dimensional read-only memory (3D 
ROM) and three-dimensional random-access memory (3D 
RAM). The 3D-ROM can be further categorized into three 
dimensional mask-programmed read-only memory (3D 
MPROM) and three-dimensional electrically-programmable 
read-only memory (3D-EPROM). Based on programming 
mechanism, 3D-M may be categorized into memristor, resis 
tive random-access memory (RRAM or ReRAM), phase 
change memory, programmable metallization cell (PMC), 
and conductive-bridging random-access memory (CBRAM). 

U.S. Pat. Nos. 5,835,396 and 6,717,222 disclose various 
3D-Ms. As illustrated in FIG. 1, a 3D-M die 20 comprises a 
substrate level 0K and a plurality of vertically stacked 
memory levels 16A, 16B. The substrate level 0K comprises 
transistors 0t and interconnects 0i. Transistors 0t are formed 
in a semiconductor substrate 0, while interconnects 0i, 
including substrate metal layers OM1, 0M2, are formed above 
the substrate 0 but below the lowest memory level 16A. Each 
of the memory levels (e.g. 16A) comprises a plurality of 
upper address lines (e.g. 2a), lower address lines (e.g. 1a) and 
memory cells (e.g. 5aa). The memory cells could use diodes, 
transistors or other devices. The memory levels (e.g. 16A) are 
coupled to the Substrate 0 through contact vias (e.g. 1av). In 
this figure, the memory levels 16A, 16B form a plurality of 
3D-Marrays 22, while the substrate level 0K comprises the 
peripheral circuits 28 for the 3D-M arrays 22. Generally 
speaking, the space 26 above the peripheral circuit 28 does 
not contain any memory cells. Since the 3D-Marrays 22 and 
their peripheral circuits 28 are integrated onto a same Sub 
strate 0, the 3D-Mdie 20 is referred to as an integrated 3D-M 
die. 

FIG. 2 discloses more details on the memory-array region 
22 and the peripheral-circuit region 28 in an integrated 3D-M 
die 2.0 (referring to Crowley et al. “512 Mb PROM with 8 
layers of antifuse/diode cells”, 2003 International Solid-State 
Circuits Conference, FIG. 16.4.5). The memory-array region 
22 comprises a plurality of 3D-Marrays (e.g. 22aa, 22ay) and 
their decoders (e.g. 24, 24G). These decoders include local 
decoders 24 and global decoders 24G. The local decoder 24 
decodes address/data for a single 3D-Marray, while the glo 
bal decoder 24G decodes the external address/data to each 
individual 3D-M array. On the other hand, the peripheral 
circuit region 28 comprises all peripheral-circuit components 
for the 3D-M. The peripheral-circuit components include 
charge-pump circuit 21, page register 23 and trim-bit circuit 
25. Here, the charge-pump circuit 21 generates the program 
ming Voltage and/or read voltage for the 3D-M; the page 
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2 
register 23 temporarily stores the data from a 3D-M page; the 
trim-bit circuit 25 records the faulty blocks in the 3D-M. 
Because the peripheral-circuit region 28 comprises all 
peripheral-circuit components and occupies a large die area, 
the array-efficiency of the integrated 3D-Mdie 20 is generally 
less than 70%. 

It is a prevailing belief that integration will always reduce 
the manufacturing cost of the integrated circuit. This is not 
true for the 3D-M. Because the 3D-Marrays use a complex 
back-end process while their peripheral circuits use a rela 
tively simple back-end process, integrating the 3D-Marrays 
with their peripheral circuits will force the peripheral circuits 
to use the expensive manufacturing process for the 3D-M 
arrays. As a result, integration does not reduce the manufac 
turing cost of the 3D-M, but actually increases it. In addition, 
because the peripheral circuits is constrained by the 3D-M 
arrays in the number of the substrate metal layers, the periph 
eral circuits are difficult to design and occupy a large die area. 
Furthermore, because the 3D-M cells generally require high 
temperature processing, the peripheral circuits need to use 
high-temperature interconnect materials, e.g. tungsten (W). 
These materials degrade the overall 3D-M performance. 

OBJECTS AND ADVANTAGES 

It is a principle object of the present invention to provide a 
3D-M with a lower cost. 

It is a further object of the present invention to provide a 
3D-M with an improved performance. 

In accordance with these and other objects of the present 
invention, a discrete 3D-M is disclosed. 

SUMMARY OF THE INVENTION 

The present invention discloses a discrete 3D-M. It is par 
titioned into at least one memory-array die and a peripheral 
circuit die. The memory-array die comprises a plurality of 
3D-M arrays, each of which is built in a 3-D space and 
comprises a plurality of Vertically stacked memory levels. 
The peripheral-circuit die comprises at least a peripheral 
circuit component, which is built on a 2-D plane and com 
prises a single functional level. In other words, at least one 
peripheral-circuit component of the 3D-M is formed in the 
peripheral-circuit die instead of in the memory-array die. 
Because the memory-array die comprises fewer peripheral 
circuit component(s), the array efficiency of the memory 
array die can be larger than 70%. 
The greatest advantage the discrete 3D-M offers is that, 

because the peripheral-circuit die can be manufactured using 
an independent and less expensive process, the overall cost of 
the discrete 3D-M is lower than that of the integrated 3D-M. 
In addition, because it is no longer constrained by the 
memory-array die in the number of substrate metal layers, the 
peripheral-circuit die can comprise more Substrate metal lay 
ers. Accordingly, the peripheral-circuit components on the 
peripheral-circuit die are easier to design and occupy less die 
area. Furthermore, because the peripheral-circuit die does not 
require high-temperature processing, its interconnects may 
use high-speed interconnect materials, e.g. copper (Cu). This 
can improve the overall 3D-M performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an integrated 3D-M die 
from prior arts; 

FIG. 2 is a top view of the integrated 3D-M die from prior 
arts; 
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FIG. 3 is a cross-sectional view of a preferred discrete 
3D-M package; 

FIG. 4 is a cross-sectional view of a preferred memory 
array die; 

FIG. 5 is a cross-sectional view of a preferred peripheral 
circuit die; 

FIGS. 6A-6B disclose a first preferred partitioning 
scheme; 

FIGS. 7A-7B disclose a second preferred partitioning 
scheme; 

FIGS. 8A-8B disclose a third preferred partitioning 
scheme; 
FIG.9 discloses another preferred peripheral-circuit die; 
FIG. 10 is a cross-sectional view of another preferred dis 

crete 3D-M package; 
FIGS. 11A-11D are top views of four preferred peripheral 

circuit dice; 
FIG. 12 is a cross-sectional view of a preferred discrete 

3D-M module. 
It should be noted that all the drawings are schematic and 

not drawn to Scale. Relative dimensions and proportions of 
parts of the device structures in the figures have been shown 
exaggerated or reduced in size for the sake of clarity and 
convenience in the drawings. The same reference symbols are 
generally used to refer to corresponding or similar features in 
the different embodiments. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Those of ordinary skills in the art will realize that the 
following description of the present invention is illustrative 
only and is not intended to be in any way limiting. Other 
embodiments of the invention will readily Suggest themselves 
to Such skilled persons from an examination of the within 
disclosure. 

Referring now to FIG. 3, a preferred discrete 3D-M pack 
age 50 is disclosed. It comprises at least two discrete dice: a 
memory-array die 30 and a peripheral-circuit die 40. These 
dice 30, 40 are stacked on a package substrate 53 and located 
inside a package housing 51. Bond wires 55 provide electrical 
connection between the dice 30 and 40. Here, bond wire 55 is 
a coupling means between the memory-array die 30 and the 
peripheral-circuit die 40. Other coupling means include sol 
der bump. To ensure data security, the dice 30, 40 are prefer 
ably encapsulated into a molding compound 57. In this pre 
ferred embodiment, the memory-array die 30 is vertically 
stacked above the peripheral-circuit die 40. Alternatively, the 
memory-array die 30 can be stacked face-to-face towards the 
peripheral-circuit die 40, or, the memory-array die 30 can be 
mounted side-by-side with the peripheral-circuit die 40. 

FIG. 4 is a cross-sectional view of the preferred memory 
array die 30. It is built in a 3-D space and comprises multiple 
functional levels, i.e. substrate level 0K and memory levels 
16A, 16B. The memory-array die 30 is formed on a memory 
array substrate 0A. The substrate level 0K comprises transis 
tors 0t and interconnects 0iA, which includes two substrate 
metal layers 0M1, OM2. To accommodate the high-tempera 
ture process for the memory cells (e.g. 5aa), the Substrate 
metal layers OM1, OM2 preferably comprise high-tempera 
ture interconnect materials, e.g. tungsten (W). The memory 
levels 16A, 16B and their substrate metal layers are similar to 
those in the integrated 3D-Mdie 20 of FIG. 1. 

FIG. 5 is a cross-sectional view of the preferred peripheral 
circuit die 40. It is built on a 2-D plane and comprises a single 
functional level, i.e. the substrate level OK". The peripheral 
circuit die 40 is formed on a peripheral-circuit substrate 0B. 
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4 
The substrate level OK' comprises transistors 0t and intercon 
nects 0iB, which includes four substrate metal layers 0M1'- 
0M4". Note that, because it is no longer constrained by the 
memory-array die in the number of substrate metal layers, the 
peripheral-circuit die can comprise more Substrate metal lay 
ers (4 vs. 2). Accordingly, the peripheral-circuit components 
on the peripheral-circuit die 40 are easier to design and 
occupy less die area than those on the integrated 3D-Mdie 20. 
Furthermore, because the peripheral-circuit die 40 does not 
require high-temperature processing, its interconnects 0iB 
may use high-speed interconnect materials, e.g. copper (Cu). 
This can improve the performance of the peripheral-circuit 
die 40, as well as the overall performance of the 3D-M. 
By partitioning the peripheral-circuit components between 

the memory-array die 30 and the peripheral-circuit die 40, the 
size of the memory-array die 30 can be reduced. Using dis 
crete 3D-M, the array efficiency of the memory-array die 30 
can be larger than 70%. Hereinafter, the array efficiency is the 
ratio of the effective die area, i.e. the die area under at least 
one memory array, and the whole die area. 

FIGS. 6A-6B disclose the first preferred partitioning 
scheme. In FIG. 6A, the memory-array die 30 comprises a 
plurality of 3D-Marrays (e.g. 22aa, 22ay) and decoders. It 
also comprises peripheral-circuit components such as the 
page register 23 and the trim-bit circuit 25. However, it does 
not comprise at least a peripheral-circuit component, e.g. the 
charge-pump circuit 21. In FIG. 6B, the peripheral-circuit die 
40 comprises the peripheral-circuit component(s) that is (are) 
absent in the memory-array die 30 of FIG. 6A, i.e. a charge 
pump circuit 21. 

FIGS. 7A-7B disclose the second preferred partitioning 
scheme. In FIG. 7A, the memory-array die 30 comprises only 
the 3D-Marrays (e.g. 22aa, 22ay) and their decoders. In FIG. 
7B, the peripheral-circuit die 40 comprises all peripheral 
circuit components, including the charge-pump circuit 21, the 
page register 23, and the trim-bit circuit 25. 

FIGS. 8A-8B disclose the third partitioning scheme. It is 
similar to those in FIGS. 7A-7B except that the memory-array 
die 30 further comprises a first parallel-serial converting cir 
cuit 62. It converts the internal parallel digital signals (e.g. 
address/data/instruction) inside the memory-array die 30 to 
the serial digital signals outside the memory-array die 30. The 
peripheral-circuit die 40 further comprise a second parallel 
serial converting circuits 62. It converts the internal parallel 
digital signals (e.g. address/data/instruction) inside the 
peripheral-circuit die 40 to the serial digital signals outside 
the peripheral-circuit die 40. By converting digital signals 
from parallel to serial, the number of bond wires (or, solder 
bumps) can be significantly reduced between the memory 
array die 30 and the peripheral-circuit die 40. As a result, the 
extra bonding cost due to partitioning can be minimized. 

FIG. 9 illustrates another preferred peripheral-circuit die 
40. Besides the peripheral-circuit components (e.g. charge 
pump circuit 21, the page register 23 and the trim-bit circuit 
25), it further comprises a controller block 64, a RAM block 
66 and/or a ROM block 68. The controller block 64 controls 
read, programming, error-correction/detection of the 3D-M. 
The RAM block 66 could comprise SRAM or DRAM. It 
functions as a cache for the 3D-M. The ROM block 68 could 
comprise flash memory, EERPOM, EPROM, or one-time 
programmable memory (OTP). It functions as redundancy for 
the 3D-M. 

Because the memory-array die 30 and the peripheral-cir 
cuit die 40 are two independent dice, the peripheral-circuit die 
40 can be manufactured using an independent and less expen 
sive process, not the expensive process for the memory-array 
die 30. As a result, the wafer cost for the peripheral-circuit die 



US 8,921,991 B2 
5 

40 is far less than the memory-array die30. Hence, the overall 
cost of the discrete 3D-M package 50 is lower than that of the 
integrated 3D-M die 20. 

Referring now to FIG. 10, another preferred discrete 3D-M 
package 50 is disclosed. It comprises at least two memory 
array dice 30A, 30B and a peripheral-circuit die 40. These 
dice 30A, 30B, 40 are three discrete dice. They are located 
inside a package housing 51. The memory-array die 30A is 
vertically stacked on the memory-array die 30B, and the 
memory-array die 30B is vertically stacked on the peripheral 
circuit die 40. Bond wires 55 provide electrical connections 
between the dice 30A, 30B, and 40. 

To lower the overall cost, the peripheral-circuit die 40 is 
shared by both memory-array dice 30A, 30B. FIGS. 11A 
11D disclose several peripheral-circuit die 40 used in the 
preferred discrete 3D-M package 50 of FIG. 10. The periph 
eral-circuit die 40 of FIG. 11A serves the memory-array dice 
30A, 30B, which are similar to that of FIG. 6A. It comprises 
two charge-pump circuits 21A, 21B for the dice 30A, 30B, 
respectively. The peripheral-circuit die 40 of FIG. 11B serves 
the memory-array dice 30A, 30B, which are similar to that of 
FIG. 7A. It comprises two charge-pump circuits 21A, 21B: 
two page registers 23A, 23B; and two trim-bit circuits 25A, 
25B; for the dice 30A, 30B, respectively. The peripheral 
circuit die 40 of FIG. 11C serves the memory-array dice 30A, 
30B, which are similar to that of FIG. 8A. It further comprises 
two parallel-serial converting circuits 62A, 62B for the dice 
30A, 30B, respectively. The peripheral-circuit die 40 of FIG. 
11D serves the memory-array dice 30A, 30B, which are simi 
lar to that of FIG.9. It further comprises a controllerblock 64, 
a RAM block 66 and/or a ROM block 68. All of these blocks 
are shared by both memory-array dice 30A, 30B. 

Besides discrete 3D-M package, the inventive concepts 
disclosed in the present invention can be easily extended to 
discrete 3D-M module. FIG. 12 discloses a preferred discrete 
3D-M module 80. It comprises a module frame 99, which 
comprises two discrete packages, i.e. a memory-array pack 
age 70 and a peripheral-circuit package 60. The memory 
array package 70 further compromises two memory-array 
dice 30A, 30B, while the peripheral-circuit package 60 fur 
ther comprises a peripheral-circuit die 40. The module frame 
99 provides electrical connections between the memory-ar 
ray package 70 and the peripheral-circuit package 60 (not 
drawn in this figure). All descriptions about the discrete 
3D-M package 50 in FIGS. 4-11D of the present invention 
can be applied to the discrete 3D-M module 80. 

While illustrative embodiments have been shown and 
described, it would be apparent to those skilled in the art that 
may more modifications than that have been mentioned above 
are possible without departing from the inventive concepts set 
forth therein. The invention, therefore, is not to be limited 
except in the spirit of the appended claims. 
What is claimed is: 
1. A discrete three-dimensional memory (3D-M), compris 

1ng: 
a memory-array die comprising a plurality of 3D-Marrays, 

each of said 3D-Marrays comprising a plurality of ver 
tically stacked memory cells; 

a peripheral-circuit die comprising at least a peripheral 
circuit component for said memory-array die, wherein 
said peripheral-circuit component is selected from a 
group consisting of a charge-pump circuit, a page regis 
ter and a trim-bit circuit; and wherein said peripheral 
circuit component is absent from said memory-array 
die; 

means for coupling said memory-array die and said periph 
eral-circuit die; 
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6 
wherein said peripheral-circuit die comprises fewer back 

end layers than said memory-array die; and wherein said 
memory-array die and said peripheral-circuit die are two 
discrete dice. 

2. The memory according to claim 1, wherein said 3D-M 
comprises a three-dimensional read-only memory (3D 
ROM) or a three-dimensional random-access memory (3D 
RAM). 

3. The memory according to claim 2, wherein said 
3D-ROM is a three-dimensional mask-programmed read 
only memory (3D-MPROM), or a three-dimensional electri 
cally-programmable read-only memory (3D-EPROM). 

4. The memory according to claim 1, wherein said 3D-M 
comprises a memristor, resistive random-access memory 
(RRAM or ReRAM), phase-change memory, programmable 
metallization cell (PMC), or conductive-bridging random 
access memory (CBRAM). 

5. The memory according to claim 1, wherein said 
memory-array and peripheral-circuit dice are located in a 
memory package or a memory module. 

6. The memory according to claim 1, wherein at least one 
of said memory-array die and said peripheral-circuit die fur 
ther comprises a parallel-serial converting means. 

7. The memory according to claim 1, further comprising 
another memory-array die including at least another 3D-M 
array, wherein said peripheral-circuit die further comprises at 
least another peripheral-circuit component for said another 
memory-array die. 

8. The memory according to claim 1, wherein said periph 
eral-circuit die comprises different interconnect materials 
than said memory-array die. 

9. The memory according to claim 8, wherein the intercon 
nect materials of said memory-array die are stable at a higher 
processing temperature than the interconnect materials of 
said peripheral-circuit die. 

10. The memory according to claim 8, wherein at least an 
interconnect material of said peripheral-circuit die has a 
higher electrical conductivity than at least another intercon 
nect material of said memory-array die. 

11. A discrete three-dimensional memory (3D-M), com 
prising: 

a memory-array die comprising a plurality of 3D-Marrays, 
each of said 3D-Marrays comprising a plurality of ver 
tically stacked memory cells; 

a peripheral-circuit die comprising at least a peripheral 
circuit component for said memory-array die, wherein 
said peripheral-circuit component is selected from a 
group consisting of a charge-pump circuit, a page regis 
ter and a trim-bit circuit; and wherein said peripheral 
circuit component is absent from said memory-array 
die; 

means for coupling said memory-array die and said periph 
eral-circuit die; 

wherein said peripheral-circuit die comprises different 
interconnect materials than said memory-array die; and 
wherein said memory-array die and said peripheral-cir 
cuit die are two discrete dice. 

12. The memory according to claim 11, wherein the inter 
connect materials of said memory-array die are stable at a 
higher processing temperature than the interconnect materi 
als of said peripheral-circuit die. 

13. The memory according to claim 11, wherein at least an 
interconnect material of said peripheral-circuit die has a 
higher electrical conductivity than at least another intercon 
nect material of said memory-array die. 
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14. The memory according to claim 11, wherein said 
peripheral-circuit die comprises fewer back-end layers than 
said memory-array die. 

15. The memory according to claim 11, wherein said 3D-M 
comprises a three-dimensional read-only memory (3D- 5 
ROM) or a three-dimensional random-access memory (3D 
RAM). 

16. The memory according to claim 15, wherein said 
3D-ROM is a three-dimensional mask-programmed read 
only memory (3D-MPROM), or a three-dimensional electri- 10 
cally-programmable read-only memory (3D-EPROM). 

17. The memory according to claim 11, wherein said 3D-M 
comprises a memristor, resistive random-access memory 
(RRAM or ReRAM), phase-change memory, programmable 
metallization cell (PMC), or conductive-bridging random- 15 
access memory (CBRAM). 

18. The memory according to claim 11, wherein said 
memory-array and peripheral-circuit dice are located in a 
memory package or a memory module. 

19. The memory according to claim 11, wherein at least 20 
one of said memory-array die and said peripheral-circuit die 
further comprises a parallel-serial converting means. 

20. The memory according to claim 11, further comprising 
another memory-array die including at least another 3D-M 
array, wherein said peripheral-circuit die further comprises at 25 
least another peripheral-circuit component for said another 
memory-array die. 


